Quantitative use of satellite-derivedmaps of monthly rainfall requiressomemeasure of the accuracy of the satellite estimates. The rainfall estimate for a given map grid box is subject to both remote-sensing error and, in the caseof low-orbiting satellites, sampling error due to the limited number of observationsof the grid box provided by the satellite. A simple model of rain behavior predicts that rms random error in grid-box averagesshould dependin a simple way on the local averagerain rate, and the predicted behavior has beenseenin simulations using surfacerain-gauge and radar data. This relationship was examinedusing satellite SSM/I data obtained over the western equatorial Pacific during TOGA COARE. RMS error inferred directly from SSM/I rainfall estimates was found to be larger than predicted from surfacedata, and to depend lesson local rain rate than was predicted. Preliminary examination of TRMM microwaveestimatesshowsbetter agreementwith surfacedata. A simple method of estimating rms error in satellite rainfall estimatesis suggested,basedon quantities that can be directly computed from the satellite data.
Introduction
Satellite data are now regularly used to produce gridded maps of rainfall averagedover time intervals ranging from hours to many months. It has not been easy, however,to provide accompanyingquantitative estimates of the accuraciesof the gridpoint averages.This is in part becauseremote-sensingtechniquesdo not yet provide sufficient information to allow unambiguousconversionof measurementsinto rain-rate values for the observedarea, and the distribution of errors introduced in the conversion dependson the observedsituation in ways that are not alwaysknown. The problem is exacerbatedby the highly intermittent character of rain, which makesaveragesof rain data noisy and comparison of remote-sensingresults with measurementsmade on the ground difficult.
The Tropical Rainfall MeasuringMission (TRMM) satellite was launched in 1997.
Descriptions of TRMM are given by Simpsonet al. (1988 Simpsonet al. ( ,1996 and Kummerow et al. (1998) . One of the primary goalsof the mission is to provide rain data sufficiently accurate that TRMM satellite products can serve as a kind of transfer standard to calibrate rain estimates from other satellite systemsand thereby improve the overall accuracy of global rain maps. To help reachthis goal, the satellite carries several instruments on board including a precipitation radar and a passivemicrowavesensor, the lattei" having higher resolution than most satellite-borne microwaveinstruments.
taken by various TRMM instruments and by other satellites and ground-based observationsystems, much can also be learnedfrom comparisonsamong averages of satellite data and ground-based data. an averageover an ensembleof data.setssimilar in nature to what has been collected.
An approachlike this would probably benefit from employing resampling techniques. SeeZwiers (1990) and Wilks (1997) , however,for important caveatsconcerning these methods.
The more conventional approachbasedon (1.2) has the advantagethat it is easily automated and easyto apply to disparate regionsof the world, time periods, and rainfall-estimation methods. 
a. Definitions
We are interested in an estimate of the space-time-averaged rain rate
(2.1)
is the area-averaged instantaneous rain rate, R(x, t) is the local rain rate at the point x at time t, T is the averaging period, taken here to be one month, and A is the area of the grid box. We assume A to be large enough so that the rain rates in neighboring boxes can be assumed to be statistically uncorrelated to a good approximation. where the angular brackets denote an average over an ensemble of rain scenarios consistent with the local rainfallclimatology. In general,as discussed in BK00, a_ contains contributions from both the sampling error arising from intermittent satellite coverage and the retrievalerror arisingfrom the errors in converting the resultsof measurements into actual rain rates. If we can assume that the retrievalerrors are uncorrelated from footprint to footprint,the contribution of these errors to R tends to be small (Wilheit 1988; Bell et al.1990) , and the total error a_ is dominated by the sampling error component. If the contribution to cr_ from retrievalerrors can be neglected, the satellite estimates _. for each overpass can be treated statistically as if they were exact. In Eq. (2.3)we can then set _. = P_ --RA,(t._)and compute the sampling error component using (2.5).We will return to these assumptions later.
As we have already mentioned, the sampling error can depend on the local Combining equations (2.9) and (2.12), using the relations R = pro, and
= ;(s_ + r_) (2.12)
-13-(the latter valid when p is small), one again obtains formula (2.6) for the sampling error, with the identification Two extensive studies, by Oki and Sumi (1994) and by Steiner (1996) , yielded samplingerror estimates that are comparable in magnitude to the SSM/I values in Fig. 1 overall increase in average error, whereas our analysis covers only equatorial areas. Figure  1 has shown that, where they can be compared, the statistics of the microwave-retrieved rain rates clearly differ in important ways from the statistics of surface radar data.
In the sections that follow we shall try to identify where the differences occur, propose some useful diagnostics for these differences, and suggest how Eq. (2.6) might be modified to take them into account. As we shall see later, the correlation times of SSM/I-retrieved rain rates tend to be similar in size to the correlation times seen in radar data and small compared to the typical time interval between SSM/I visits. We therefore conclude that the factor f cannot explain the differences in sampling errors in Fig. 1 . Most of the difference seems to be due to differences in variability of area-averaged rain rate as reported by satellite and ground-based systems, and we turn now to investigating the differences in a_ for the two.
Exploration of ground-radar-SSM/I differences
-24- The expression (2.12) for a 2 implies the power-law relation
The coefficientsof the power-law fits in Eqs. (5.1) were found to be r0 = 4.5 mm h -1, so = 7.6 mm h -1, A0 = 220 km. 
